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1
STEERING AMPLIFIER

- This 1s a continuation of application Ser. No. 535,686,
filed Sept. 26, 1983, now abandoned.

BACKGROUND OF THE INVENTION

This mmvention relates to the steering system of a
vessel. Particularly, it is an amplifier, composed of solid
state electronic devices on a printed circuit board,
which is incorporated into the vessel’s steering system
and provides the means whereby the directional com-
mands from the helm unit are transmitted to the rudder.

Various earlier patents have disclosed inventions

relating to the steering systems of vessels. In Spurgin,
U.S. Pat. No. 4,342,274, Cavil, U.S. Pat. No. 3,739,738;
and, Wesner, U.S. Pat. No. 4,055,135 means of detecting
steering errors and failures were disclosed. However,
the inventions disclosed by these patents did not pro-
vide for correcting the error; they only providing for
signalling that an error or failure had occurred.
Whereas, the present invention compares the helm posi-
tion to the rudder position and causes rudder move-
ment, if necessary, based on the result of the compari-
SOn.

A remote control apparatus for marine engines which
provided an auxiliary controller located in one area of
the vessel, a main controller located in the main control
“room and a means whereby engine control is switched
from the auxiliary controller to the main controller or
from the main controller to the auxiliary controller was
disclosed 1n Inoue, U.S. Pat. No. 4,099,476.

Hirokawa, U.S. Pat. No. 3,696,282 disclosed an auto
pilot system in which the set course signal and the head-
ing signal are supplied to a comparator which feeds a
servo motor through an operational device to control
the ship. |

But, while these inventions provide a means for trans-
ferring engine control and a means for maintaining a
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starboard). The steering amplifier determines the differ-
ence between the helm and rudder positions and causes
the rudder to move in the direction to correct the differ-
ence.

The steering amplifier provides trim pots (variable
resistors) to set the rudder deadband. These trim pot
settings determine how great the error must be in either
the port or starboard direction before the steering am-
plifier will cause rudder movement.

The steering amplifier causes small rudder movement
by energizing electro-hydraulic solenoid valves which
control the rudder movements. If the difference be-
tween the helm and rudder position is more than 4° or
5°, the steering amplifier energizes a dual speed electro-
hydraulic solenoid valve which causes greater and
more rapid rudder movement in the direction required.

Fault detection circuitry is also provided. The steer-

~ Ing amplifier contains circuitry which continuously
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preset course, they do not provide primary steering 40

means as does the present invention.

Control systems are disclosed in DeVries, U.S. Pat.
No. 4,301,759 and in Tatum, U.S. Pat. No. 3,390,614.
The DeVries inventions uses a plurality of control
members coupled with one another and with the device
to be controlled. The Tatum invention involves wave-
shaping circuitry for the command and response signals.
Whereas, the present invention is an amplifier which
takes its input from the helm and feedback potentiome-
ters, compares the inputs, determines the proper direc-
tion for the rudder to move and outputs to the appropri-
ate relay to energize solenoids and cause rudder move-
ment. In addition, the present invention provides fault
detection circuitry which energizes a relay whena fault
is detected and light emitting diodes which illuminate to
indicate which output the amplifier is energizing.

SUMMARY OF THE INVENTION

This invention is a steering amplifier for use in the
steering systems of watercraft. The amplifier provides a
means for signalling the rudder movement necessary for
steering the craft.

The invention requires a potentiometer to be
mounted within the helm unit and another potentiome-
ter to be mounted within the feedback unit of the craft’s
steering system. These two potentiometers input to the
steering amplifier, the helm position and the rudder
position (from 0° to 40° to port and from 0° to 40° to
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monitors the helm and feedback potentiometer for ei-
ther opened or shorted leads. Should the potentiometers
or the wiring to them become shorted or opened, a
relay will be energized causing a steering failure alarm
to be energized. Also, a center tap is incorporated into
both the helm and feedback potentiometers. These cen-
ter taps provide a means whereby steering is maintained
in the follow-up mode in the event of a breakage or
shorting of the potentiometer leads.

BRIEF DESCRIPTION OF THE DRAWINGS

For a further understanding of the nature and objects
of the present invention, reference should be had to the
following detailed description, taken in conjunction
with the accompanying drawings, in which like parts
are given like reference numerals and, wherein:

FIG. 1A 1s a block diagram of the steering amplifier.

FIG. 1B is a continuation of the block diagram of the
steering amplifier.

FIG. 2A 1s a schematic diagram of the steering ampli-
fier.

FIG. 2B 1s a continuation of the schematic of the
steering amplifier.

FIG. 2C 1s a continuation of the schematic of the
steering amplifier.

FIG. 2D is a continuation of the schematic of the
steering amplifier.

FIG. 2E 1s a continuation of the schematic of the
steering amplifier.

FIG. 3 1s a schematic illustration of a helm unit ac-
cording to the present invention.

FIG. 4 is a schematic illustration of portions of a
rudder control unit according to the present invention.

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring to the block diagram, FIGS. 1A and 1B,
110 volts AC 1s brought into the circuitry on terminal
block 1 (TB1), terminals 1 and 2 to the primary side of
transformer 11. The secondary side of transformer 11 is
connected to rectifier 13. Rectifier 13 is connected to
capacttors 14 and 15, as well as voltage regulators 16
and 17. This circuitry takes the incoming 110 volts AC
and steps it down, rectifies it, filiers and regulates it to
produce 4+ V1 and —V1 which are used to power the
op amps (operational amplifiers) in the amplifier and to
provide a voltage reference for various circuits in the
amplifier. |

The feedback potentiometer 18 and the helm (or
follow-up) potentiometer 19 are both powered by +V1
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and — V1. The helm potentiometer 19 is connected to
the helm wheel W (FIG. 3) to allow indication of the
helm wheel position. The feedback potentiometer is
connected to the rudder R by means of a linkage E
(FIG. 4) to allow indication of the rudder position. The
feedback potentiometer is powered through series resis-
tors 20 and 21 and the helm potentiometer is powered
through series resistors 22 and 23; this prevents an over-
load on voltage regulators 16 and 17 if either the poten-
tiometers or the leads to them become shorted.

The center tap 182 and the wiper 185 of the feedback
potentiometer 18 are connected to amplifier 24 which
serves as a differential, buffer amplifier with a voltage
gain of +1. The voltage output from amplifier 24,
which can be measured at test point TP1, varies from 0
volts DC when the rudder 1s at 0°, to approximately
+ 10 volts DC when the rudder is at 40° to starboard,
and to approximately — 10 volts DC when the rudder is
at 40° to port.

The center tap 192 and the wiper 196 of the helm
potentiometer 19 are connected to amplifier 25, which
serves as a differential, buffer amplifier with a voltage
gain of —1. The wvoltage output from amplifier 25,
which can be measured at test point TP4, varies from O
volts DC when the helm wheel or follow-up lever is at
0°, to approximately -+ 10 volis DC when the helm
wheel or follow-up lever is at 40° to port, and to ap-
proximately — 10 volts DC when the helm wheel or
tollow-up lever is at 40° to starboard.

The outputs of amplifiers 24 and 25 are summed with
each other and with the output of the zero potentiome-
ter 26 at amplifier 28, which has a gain of —8. The

output of amplifier 28 represents the difference (error)
between the helm wvoltage and the feedback voltage
multiplied by 8. This value was chosen so that the out-

put of amplifier 28 would vary by approximately 2 volts
per degree of difference between the helm position and
the rudder position. The gain trim pot 27 is used as a fine
adjustment to match the particular helm or follow-up
lever installation to the particular feedback unit installa-
t1on. :

The output of amplifier 28 is connecied to the inputs
of four amplifiers. The first two amplifiers are 29 and 30.
These amplifiers are used as comparators, that is, they
compare the voltages on their inputs and switch their
outputs either high or low according to which of their
inputs is at the greater voltage. Amplifiers 29 and 30
compare the rudder error voltage from amplifier 28 to
the voltage set on the port trim pot 34 and the starboard
trimn pot 33, respectively. The port 34 and starboard 33
trim pots are used io set the rudder deadband. That is,
the port trim pot 34 setting determines how greati the
rudder error must be before the steering amplifier will
cause the rudder to move in the port direction, whereas
the starboard trim pot 33 setting determines how great
the rudder error must be before the steering amplifier
will cause the rudder to move in the starboard direction.
When the error voltage from amplifier 28 is nearly zero,
such that it is less in magnitude than the voltage set on
the port 34 and starboard 33 trim pots, the outputs of
amplifier 29 and amplifier 30 are low such that the solid
state relays 35 and 36 are off.

If the rudder error position voltage from amplifier 28
should increase positively above the voltage set on the
starboard trim pot 33, indicating that the rudder should
move to port, the output of amplifier 29 will switch on
(approximately + 10 volts DC at test point TP7). When
this occurs, solid state relay 35 will turn on, energizing
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4

the electro-hydraulic solenoid valve (FIG. 4) which
causes the rudder to move to starboard. The hydraulic
fluid source H supplies hydraulic fluid via valve S to
rudder control unit C, which then appropriately moves
the rudder R via linkage DD. When the rudder position is
again close to the helm or follow-up lever position, the
output of amplifier 28 will fall (to approximately O volts
DC or less at test point TP7) below the voltage set on
the starboard trim pot 33, amplifier 29 will again turn
off causing solid state relay 35 to turn off and to de-ener-
gize the electro-hydraulic solenoid valve. Thus, the
rudder will stop moving to starboard.

If the rudder error position voltage from amplifier 28
should increase negatively beyond the voltage set on
the port trim pot 34, indicating that the rudder should
move to starboard, the output of amplifier 30 will
switch on (approximately + 10 volts DC at iest point
TP9). When this occurs, solid state relay 36 will turn on,
energizing the electro-hydraulic solenoid valve (FIG.
4) which causes the rudder to move to port. When the
rudder position 1s again close to the helm or follow-up
lever position, the output of amplifier 28 will fall (to
approximately O volts DC or less at test point TP9)
below the voltage set on the port trim pot 34, amplifier
30 will again turn off, causing solid state relay 36 to turn
off and ito de-energize the electro-hydraulic solenoid
valve. Thus, the rudder will stop moving to port.

Amplifiers 31 and 32 are also used as comparators.
They compare the rudder position error voltage to V2,
where V2 represents a rudder position error of about 4°
or 5°. When the rudder position error is less than 4° or
5°, etther to port or starboard, the output of amplifiers

31 and 32 are on (at approximately + 10 volts DC at test
points TP10 and TP11 respectively). This causes tran-
sistors 37 and 38 to turn on, which discharges the capac-

itors in the time delay components 39 and 40. This in
turn, causes amplifiers 41 and 42 to turn off (approxi-
mately O volts DC or less at test points TP14 and TP12,
respectively) and the solid state relay 43 to turn off,
de-energizing the dual speed electro-hydraulic solenoid
valve.

When the rudder position error exceeds 4° or 5° to
starboard, the output of amplifier 28 will be more posi-
tive than V2 and amplifier 32 will turn off. This turns
transistor 38 off which allows the capacitor in time
delay component 40 to begin charging up to V1. When
the charge on the capacitor in time delay component 40
exceeds V3, the output of amplifier 42 will turn on,
which in turn will cause sohd state relay 43 to turn on
and energize the dual speed electro-hydraulic servo
valve.

When the rudder position error exceeds 4° or 5° to
port, the output of amplifier 28 will be more negative
than — V2 and amplifier 31 will turn off. This turns
transistor 37 off which allows the capacitor in time
delay component 39 to begin charging up to V1. When
the charge on the capacitor in time delay component 39
exceeds V3, the output of amplifier 41 will turn on
which 1n turn will cause solid state relay 43 to turn on
and energize the dual speed electro-hydraulic servo
valve.

The rate at which the capacitors in time delay com-
ponents 39 and 40 charge, and thus the time delay
which they introduce in the energizing of solid state
relay 43 1s adjustable by means of trim pots 39a for port
and 40qa for starboard.

The fault detection circuitry which monitors the
condition of the helm or follow-up lever potentiometer
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“and the feedback potentiometer consists of the voltage
level shifting, passive networks 44 (VLS 1 through
VLS 8), amplifiers 45 and 46 and relay 47. Amplifiers 45
and 46 are used as comparators. They compare their
inputs, the (+) input on amplifier 45 and the (—) input
on amplifier 46, to the reference voltage V4. When the
voltage on the (4 ) input of amplifier 45 and the voltage
on the (—) input of amplifier 46 are near zero (which 1s
the case when the voltages at “A”, “E”, “C”, and “G”
are near their proper values), the outputs of amplifiers
45 and 46 are off, that is, they are at O volts DC or lower
and therefore relay 47 is de-energized.

The voltage level shifters 44 use a passive network to
shift the voltage on a particular input by 10 volts DC.
Thus, when each input, “A”, “E”, “C”, and “G” is near
its proper value, the output of each voltage level shifter
is near 0 volts DC. However, should either the helm (or

follow-up lever) potentiometer or the feedback potenti-

ometer or one of the leads to either potentiometer short
or open, the voltage at one of the connections to the
potentiometers will change to 0 volts DC (or lower) in
the case of a short or to 15 volts DC, in the case of an
open, which will cause the input of the corresponding
voltage level shifter to change by the same amount.
Since the output of the voltage level shifter will also
change by a proportional amount, the input to either
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amplifier 45 or 46 will change by an amount greater

than V4 which will cause the output of either amplifier

. 45 or 46 to turn on energizing relay 47.

The feedback unit will fail if one or more of the leads
to or within the unit either break or short together.
Also, failure will occur when the feedback unit is filled

- with saltwater, forming a short circuit. Since failure of

the feedback unit is a major cause of steering failure, the
- steering amplifier contains a failure detection circuit

which continuously monitors the voltage at the clock-
wise and counterclockwise end of the feedback pot 18

-~ mounted within the feedback unit, and when the volt-
- age at either or both ends of the feedback pot deviates

~ from 1ts prescribed value, the steering amplifier causes
the steering failure alarm to be sounded.

occurrence 1s much less frequent, and also sounds the
steering failure alarm should the helm pot 19 or the
wiring to it either become shorted or opened.

The system also incorporates a feature whereby a
center tap is incorporated into both the potentiometer
mounted within the feedback unit and the potentiome-
ter mounted within the helm unit. This feature provides
a means whereby steering control is maintained in the
follow-up mode in the event of the breakage or shorting
together of the leads to the potentiometers referenced
above. B

Because of this feature, when one of the leads to the
feedback or helm potentiometers 18 or 19 opens or
shorts to one of the other leads, neither the rudder com-
mand signal nor the rudder feedback signal 1s totally
lost and 1n the case of an opened or shorted lead to the
feedback potentiometer 18, the system will steer in the
follow-up mode as though it were actually in the non-
follow-up mode thus giving the helmsman the capabil-
ity to steer the vessel until he has time to determine the
best course of action in response to the failure.

30

35
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mary side of transformer 11 and the secondary side of
transformer 11 1s connected to bridge rectifier 13. Recti-
fier 13 is connected to one side of capacitors 14 and 111
as well as to pin 1 of regulator 16. Pin 2 of regulator 16
is connected to one side of capacitors 112 and 114 and to
one side of diode 113. Pin 3 of regulator 16 and the
other side of capacitors 14, 111, 112 and 114 as well as
the other side of diode 113 are connected to ground.
Rectifier 13 1s also connected to one side of capacitor 15
and to pin 3 of regulator 17. Pin 2 of regulator 17 is
connected to one side of capacitors 115 and 116. Pin 1 of
regulator 17 and the other sides of capacitors 15, 115
and 116 are connected to ground.

Refer now to FIG. 2A. The feedback potentiometer
1s connected to terminal block 1 at terminals 5, 6, 7 and
8. The positive side of the feedback potentiometer is
connected through resistor 20 to +15 volts and the
negative side is connected through resistor 21 to —15
volts. The variable lead of the feedback potentiometer is
connected to resistor 117 and the center tap is con-

‘nected to resistor 118. The other side of resistor 117 is

connected to capacitor 119 and resistor 121. The other
side of resistor 118 is connected to capacitor 119 and
resistor 120. Resistor 120 is also connected to pin 2 of
amplifier 24, resistor 125 and capacitor 124. The other
sides of capacitor 124 and resistor 125 are connected to
pin 6 of amplifier 24. Resistor 121 is connected to pin 3
of amplifier 24, and one side of resistor 122 and capaci-
tor 123. The other side of resistor 122 and capacitor 123
1s connected to ground. Pin 6, the output of amplifier 24
1s connected through resistor 126 to pin 3 of amplifier
127. Resistor 128 is connected between pins 2 and 6 of
amplifier 127. Pin 2 of amplifier 127 is also connected to
resistor 129 and to one side of a jumper; the other side
of the jumper is connected to terminal 6 of amplifier 127
and to point or node AA.. Pin 6 of amplifier 30 is con-
nected to resistors 129, 131, and 135. Resistor 131 is also
connected to pin 2 of amplifier 130. Pin 3 of amplifier
130 is connected to capacitor 132 and resistor 133. Vari-
able resistor 134 is connected to resistor 133 and 135 and

- The steering amplifier also contains circuitry which ~to node AA.

detects similar failures in the helm pot 19, although their -~~~ Refer to FIG. 2B. The helm potentiometer 19 is con-

 nected to terminal block 1 at terminals 10, 11, 12 and 13.

45

The positive side of the helm potentiometer is con-

~ nected through resistor 22 to + 15 volts and the nega-

30

35

60

Refer to the schematic diagram for a description of 65

the amplifier. Beginning on FIG. 2B, 10 volts AC 1s
brought into the circuitry on terminal bilock 1 at termi-
nals 1 and 2. The 110 volt AC is connected to the pri-

tive side is.connected through resistor 23 to — 135 vollts.
The. variable lead of the helm potentiometer is con-
nected to resistor 136 and the center tap is connected to
resistor 137. The other side of resistor 136 is connected
to capacitor 138 and resistor 139. The other side of
resistor 137 is connected to capacitor 138 and resistor
140. Resistor 139 is also connected to pin 2 of amplifier
28. Capacitor 142 and resistor 143 are connected be-
tween pins 2 and 6 on amplifier 25. The other side of
resistor 140 is connected to resistor 1435, capacitor 146
and pin 3 of amplifier 25. Resistor 145 and capacitor 146
are also connected to ground. Pin 6, the output of ampli-
fier 25, is connected through resistor 144 and the gain
trim pot 27 to the negative input, pin 2, of amplifier 28.
Resistor 149 1s connected between pins 2 and 6 of ampli-
fier 28. Resistor 147 is connected between pin 3 of am-
plifier 28 and ground. The output from pin 6 of ampli-
fier 28 1s designated “K” and 1s the rudder error volt-
age, used in the portions of the circuitry shown in
FIGS. 2C and 2D. The zero potentiometer 1s connected
through resistor 141 to a point or node common to
resistors 148, 149, the gain trim pot 27 and pin 2 of
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amplifier 28. The other side of resistor 148 is connected
to node AA on FIG. 2A.

Refer to F1G. 2C. The starboard trim pot 33, i1s con-
nected between resistors 150 and 151 and through resis-
tor 133 to pin 3 of amplifier 29. The other side of resistor
150 1s connected to negative 15 volts and the other side
of resistor 151 is connected to ground. Resistor 152 is

connected to ground and to a point common to pin 2 of

amplifier 29 and zener diode 154. The other side of
diode 154 is connected a point common to pin 6 of
amplifier 29, resistor 155 and diode 157. Also connected
to pin 3 of amplifier 29 are resistors 155 and 156. Diode
157 1s connected through resistor 158 to a point CC
which 1s common to light emitting diode 30 and “L”
which goes to the collector of transistor 51 on FIG. 2E.
Light emitting diode 50 1s connected to terminal block
1 at terminal 17, which is connected to relay 35, the
relay which activates the starboard solenoid valve.

The rudder error voltage “K” from FIG. 2B is con-
nected to point BB which is between resistors 156 and
159.

The port trim pot 34, 1s connected between resistors
160 and 161 and through resistor 162 to pin 2 of ampli-
fier 30. The other side of resistor 160 is connected to
positive 5 volts and the other side of resistor 161 is
connected to ground. Resistor 162 1s also connected to
a point common to resistor 159, zener dicde 164 and pin
2 of amplifier 30. The other side of diode 164 is con-
nected to pin 6 of amplifier 3¢ and diode 166. Resistor
165 1s connected between pins 3 and 6 of amplifier 30.
Resistor 163 is connected between pin 3 of amplifier 30
and ground. Diode 166 is connected through resistor
167 to point DD which is common to light emitting
diode 50 and “M” which goes to the collector of transts-
tor 32 on FIG. 2E. Light emitting diode 51 is connected

io terminal block 1 at terminal 18 which is connected to
relay 36, the relay which activates the port solenoid
valve.

Refer to FIG. 2D. The rudder error voltage “K” is
brought through resistor 172 to point EE and through
resistor 173 to point FF. Point EE is the common point
between resistors 170, 172, 179 and pin 3 of amplifier 31.
Point F¥ is the common point between resistors 173 and
176, zener diode 180 and pin 2 of amplifier 32. Positive
15 volts 1s connected to pin 3 of amplifier 31 through the
resistor network composed of resistors 168, 169 and 170.
Negative 15 volts is connected to pin 2 of amplifier 32
through the resistor network composed of resistors 174,
1’75 and 176. Resistor 171 is connected between pin 2 of
amplifier 31 and ground. Zener diode 178 is connected
between pins 2 and 6 and resistor 179 is connected be-
tween pins 3 and 6 of amplifier 31. Resistor 177 is con-
nected between pin 3 of amplifier 32 and ground. Zener
diode 180 i1s connected between pins 2 and 6 and resistor
181 1s connected between pins 3 and 6 of amplifier 32.

Diode 182 is connected to pin 6 of amplifier 31 and
resistors 184, 185 and 188. Diode 183 is connected to pin
6 of amplifier 32 and resistors 186, 187 and 189. Resistor
184 is connected to the base of transistor 37; the collec-
tor of transistor 37 is connected to variable resistor 394
and resistor 396 and the emitter of transistor 37 is con-
nected to ground. Resistor 1885 is connected to the base
of transistor 192; the collecior of transistor 192 is con-
nected to resistors 196 and 210 and the emitter 15 con-
nected to ground. Resistor 190 is connected to positive
15 volts and the delay (—) circuit composed of variable
resistor 39a, resistor 396 and capacitor 39¢. Resistor 210
1s connected to the delay (—) and resistor 196. Resistor
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186 1s connected to be base of transistor 38; the collector
of transistor 38 is connected to variable resistor 40a and
resistor 400 and the emitter of transistor 38 is connected
to ground. Resistor 187 1s connected to the base of
transistor 193; the collector of transistor 193 is con-
nected to resistors 202 and 211 and the emitter is con-
nected to ground.

— 15 volts 1s connected to pin 3 of amplifier 41
through the resistor network composed of resistors 197,
198 and 199. — 15 volts is connected to pin 3 of amplifier
42 through the resistor network composed of resistors
203, 204 and 205. Resistor 194 1s connected between pin
2 of amplifier 41 and ground. Resistor 196 is connected
to pin 3 of ampilifier 41 and zener diode 195 is connected
between pins 2 and 6. Resistor 212 is connected between
pins 3 and 6 of ampilifier 41. Diode 207 is connected to
pin & of amplifier 41 and to light emitting diode 52.
Resistor 200 1s connected between pin 2 of amplifier 42
and ground. Resistor 202 1s connected to pin 3 of ampli-
fier 42 and zener diode 201 is connected between pins 2
and 6. Resistor 206 is connected between pins 3 and 6 at
amplifier 42. Diode 208 1s connected to pin 6 of ampli-
fier 42 and to light emitting diode 52. Light emitting
diode 32 is connected to terminal block 1 at terminal 19,
through resistor 209, which is connected to relay 43, the
relay which activates the dual speed solenoid valve.

Refer now to FIG. 2E for discussion of the fault
detection circuitry. Voltage shifting networks 44, com-
posed of diodes and resistors, are connected to pin 3 of
amplifier 45 through the resistor network composed of
resistors 212 and 216 and to pin 2 of amplifier 46
through the resistor network composed of resistors 220
and 221. 4 15 volts 1s connected to pin 2 of amplifier 45
through the resistor network composed of resistors 213,
214 and 213. — 15 volts 1s connected to pin 3 of amplifier

46 through the resistor network composed of resistors
222, 223 and 224. Zener diode 225 1s connected between

pins 2 and 6 of amplifier 45 and resistor 219 is connected
between pmns 3 and 6. Diode 218 is connected between
pin 6 of amplifier 45 and point GG. Zener diode 226 is
connected between pins 2 and 6 of amplifier 46 and
resistor 227 1s connected between pins 3 and 6. Diode
228 is connected between pin 6 of amplifier 46 and point
GG. Point GG is connected to the base of transistor 53
through resistor 229 and to the base of transistor 54
through resistor 230. Point GG is also connected to
hight emitting diode 49. Light emitting diode 49 is also
connected to the base of transistor 48, through resistor
231. The emitter of transistor 48 is connected to resistor
232. Resistor 232 is connected to relay 47 with diode
233 connected across the coil of relay 47.

Because many varying and different embodiments
may be made within the scope of the inventive concept
herein taught, and because many modifications may be
made 1n the embodiments herein detailed 1n accordance
with the descriptive requirement of the law, it is to be
understood that the details hereln are to be interpreted
as 1llustrative and not in a limiting sense.

What 1s claimed as invention is:

1. A steering amplifier for a vessel having a helm, a
rudder and a rudder positioning means, comprising:

a helm potentiometer to indicate the helm position;

a feedback potentiometer to indicate the rudder posi-

tion;

means for determining the difference between the

helm potentiometer position and the feedback po-

tentiometer position and producing a signal indica-
tive thereof:
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means for controlling the rudder positioning means in
response t0 the difference signal;

means responsive to an open or short circuit condi-
tion in the helm potentiometer for indicating an
ahead position for the helm control to the differ-
ence means; and |

means responsive to an open or short circuit condi-
tion 1n the feedback potentiometer for indicating an
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ahead position for the rudder to the difference
means.

2. The amplifier of claim 1, wherein the heim control
and the feedback potentiometer have center taps.

3. The amplifier of claim 2, wherein the open or short
circuit means comprise differential amplifiers with the
first differential input connected to the respective po-
tentiometer wiper and the second differential input

connected to the respective potentiometer center tap.
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